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PARTICULATE BLENDS AND COMPACTED PRODUCTS FORMED 
THEREFROM, AND THE PREPARATION THEREOF 

TECHNICAL FIELD 

This invention relates to new binders for particulate solids, and to the formation of new 
compacted products formed by use of such binders. In one of its embodiments this invention relates 
to novel 1 5 3-dihalo-5 5 5-dimethylhydantoin compositions which, by virtue of their physical forms and 
characteristics, are superlative biocidal water-treating agents and brominating agents. 

GLOSSARY 

As used herein the terms "halogen", "halogenated", and "halo" are with reference to bromine 
or chlorine, or both. 

BACKGROUND 

As is well known, a wide variety of different products in the form of powders or small 
particles are converted into larger end use forms such as prills, flakes, granules, pills, caplets, tablets, 
wafers, briquettes, and pucks. In producing such products, it is common to utilize materials known 
as binders. Such materials, when mixed in suitable proportions with the powder or small particles 
to be compacted, facilitate the production of materials having desirable physical and mechanical 
properties. While some binders have relatively broad application to various powdery or small 
particle sized products, there are a number of instances where the binder can only be used for 
compaction of certain products and not for others. A principal reason for such limitation is chemical 
incompatibility as between the binder and certain powdery or small particle sized materials. A 
second reason for such limitation relates to the property of certain binders to modify the solubility 
characteristics of the powdery or finely-divided substrate material. For example, some binders are 
chosen not only for their ability to facilitate compaction, but to enable more rapid disintegration of 
the compacted form of the material, e.g., for more rapid uptake of a pharmaceutical by a consumer. 

One type of material that tends to be difficult to produce in compacted forms such as tablets, 
granules, and briquettes is halogenated hydantoins, especially N,N'-dihalogenated dialkylhyantoin 
products such as l,3-dichloro-5,5-dimethylhydantoin, N,N'-bromochloro-5,5-dimefhylhydantoin, 
and l,3-dibromo-5,5-dimethylhydantoin. Such materials are useful as biocides for treating water 
such as recreational water, cooling water, process water, and wastewater. 
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The N,N'-dihalogenated dialkylhydantoin products are usually formed as powdery solids. 
For use in many applications such as water treatment, the dry powders need to be converted into 
larger forms such as granules, tablets, or briquettes. This in turn has presented problems associated 
with providing densified or compacted products with sufficient strength to withstand the physical 
stresses encountered in packaging, conveying, handling, shipping, storage, and use. The nature of 
these problems have been described, for example, in U.S. Pat. Nos. 4,532,330; 4,560,766; 4,654,424; 
4,677,130; 4,745,189; and 5,565,576. The approaches described in these patents for alleviating one 
or more such problems involve use of other materials. Thus in U.S. Pat. Nos. 4,532,330 and 
4,621,096, halogenated dimethylhydantoins are mixed with calcium chloride and water, and the 
mixture is compacted by compression into the desired shape. In U.S. Pat. Nos. 4,560,766 and 
4,654,424, halogenated ethylhydantoins are used instead of halogenated dimethylhydantoins and are 
compacted as such, or are melt blended with halogenated dimethylhydantoins. U.S. Pat. No. 
4,677,130 describes foiming dry blends of the halogenated dunethylhydantoin with particulate alkali 
metal or alkaline earth metal salt followed by compression to form a compacted product such as a 
tablet. 

Manufacturers of halogenated hydantoins have sought to overcome these limitations by 
blending the materials with process additives designed to improve compaction characteristics. The 
presence of other halogenated hydantoins has also been indicated to provide benefits. For example, 
published PCT Application WO 97/43264 describes the use of l,3-bromochloro-5-methyl-5-propyl- 
hydantoin as a binder in making compacted forms of halogenated hydantoins. The presence of 
hydantoins having at least one ethyl group in the 5-position is indicated to provide free flowing, 
dust-free powders which can be compressed into shapes without resorting to binders, as detailed in 
U.S. Pat. Nos. 4,427,692 and 4,560,766. In U.S. Pat. No. 4,677,130 a series of inorganic salt 
additives ranging from sodium carbonate to sodium metasilicate was indicated to improve the crush 
strength of halogenated hydantoin tablets. Inert binders such as fatty acid salts and a hectorite clay 
were advocated in U.S. Pat. No. 5,756,440, while the use of fatty acid amide binder additives were 
described in U.S. Pat. No. 5,565,576 and indicated to improve the compaction properties of 
halogenated hydantoins. U.S. Pat. No. 5,780,641 describes a chemical composition comprising a 
halogenated hydantoin mixed with dry calcium hydroxide for the purpose of facilitating processing 
and achieving a shape-retentive form. 

Unfortunately, almost all prior efforts in the compaction of halogenated hydantoins have not 
provided binders having satisfactory compaction characteristics along with good chemical 
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compatibility. Some of the classical binders (e.g., polyvinylpyrrolidinone, cellulose compounds, 
glues, gums, sugars, and starches) which are used to compact other products would react with 
halogenated hydantoins, in some cases vigorously. Moreover, a number of binder systems proposed 
for use with halogenated hydantoins do not provide compacted products having sufficient physical 
and mechanical stability. Low crush strength is often another deficiency of such compacted 
products. 

In addition to having a binder suitable for use with a wide variety of materials, and capable 
of producing compacted products having desirable physical and mechanical properties, it would be 
of considerable advantage if such binder could be employed with materials suitable for human 
consumption. 

It can be seen that a need exists for a new type of binder having widespread applicability to 
powdery and finely-divided substrate materials, especially halogenated hydantoins. It would be of 
particular advantage if such binders could provide compacted products having superior physical and 
mechanical properties. Moreover, it would be of inestimable value if the binder having these 
characteristics could itself be suitable for consumption by humans and animals. 

This invention is deemed to fulfill most, if not all, of the foregoing needs. 

SUMMARY OF THE INVENTION 

Pursuant to tins invention, a new type of binding agent for powdery or finely-divided 
materials has been discovered. These binders produce compacted compositions of great mechanical 
and physical strength. This highly beneficial result can be achieved with a wide variety of such 
materials inasmuch as these binders have good compatibility with a wide range of powdery or finely- 
divided materials.. Moreover, the binders used pursuant to this invention are suitable for ingestion 
by humans and animals. Furthermore, these binders are strongly hydrophobic, and consequently can 
be used for modifying the dissolution or release rate of the compacted material in aqueous media. 
Also, because they are produced and used for other purposes, a number of the materials discovered 
to be binders pursuant to this invention are available in the marketplace at reasonable cost. Thus, 
the invention enables the production of compacted compositions such as granules, caplets, tablets, 
briquettes, pucks, and other shapes with very desirable properties on a highly cost-effective basis. 

Thus, in one of its embodiments, this invention provides a shape-retentive compacted 
composition. The composition comprises a pressure compacted blend of a powdery or finely-divided 
active ingredient and a binder quantity of a micronized synthetic polyolefin-based hydrocarbon wax 
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and/or a micronized synthetic polyfluorocarbon wax. The wax used pursuant to this invention is 
compatible with the active ingredient. 

In particular, prior small particle sized product, when released from a tableting die, normally 
would "delaminate," meaning that the compacted tablet would break apart into smaller pieces. In 
sharp contrast, l,3-dihalo-5,5-dimethylhydantoins, especially l,3-dibromo-5,5-dimethylhydantoin, 
can be directly converted into tablets of Mghphysical integrity when using a suitable micronized wax 
as a binder. 

In another of its embodiments, this invention provides a method of producing a shape- 
retentive compacted composition. The method comprises pressure compacting a blend of a powdery 
or finely-divided active ingredient and a binder quantity of a micronized synthetic polyolefin-based 
hydrocarbon wax and/or a micronized synthetic polyfluorocarbon wax. Here again, the wax used 

> 

is compatible with the active ingredient. 

Still another embodiment of this invention involves the provision of dry blends of a powdery 
or finely-divided active ingredient and a micronized synthetic polyolefin-based hydrocarbon wax 
and/or a micronized synthetic polyfluorocarbon wax, compatible with the active ingredient. These 
blends are of particular utility in the manufacture of pressure compacted products formed therefrom. 
Thus, these dry blends can be produced, stored, and shipped to locations where such compacting 
operations are to be carried out. Preferably, the amount of the micronized synthetic polyolefin-based 
hydrocarbon wax and/or a micronized synthetic polyfluorocarbon wax is an amount which is 
effective to form the compacted product without further addition of either component. However, the 
proportions can be adjusted at the site of the compaction, if desired. 

The amount of the binding agent effective to form the compacted product may vary, 
depending upon the nature and characteristics of the active ingredient and the particular micronized 
wax being utilized. Thus the dry blends and the compacted products of this invention can contain 
varying proportions of these essential components. Generally speaking, the amount of the 
micronized wax in the dry blends and used in the formation of the pressure compacted products of 
this invention will fall within the range of 0.5 to 10 wt%, and preferably in the range of 1 to 5 wt%, 
based on the total weight of the active ingredient and the micronized wax. 

In preferred embodiments, the powdery or finely-divided material is an N-halo-5,5- 
dialkylhydantoin or, more preferably, an N,N'-dihalo-5,5-dialkylhydantoin, materials which 
heretofore have proven exceedingly difficult to convert into compacted forms. Moreover, even when 
compacted, such prior compacted forms of the N,N'-dihalo-5,5-dialkylhydantoins were, in most 
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cases, of low strength and of high friability. It has been discovered that when low levels of the 
aforementioned waxes are mixed with a halogenated hydantoin, the wax acts as binder during 
pressure compaction to yield a mechanically stable compacted form of increased strength and of low 
friability. Furthermore, it has been discovered that the waxes are chemically compatible with the 
halogenated hydantoin. 

A feature of tins invention is that it is now possible to formulate blends of one or more 
halogenated hydantoins with one or more novel binders so that compacted products having improved 
physical and mechanical properties can be produced. Additionally, adjustment of the amount of 
binder permits adjustments in the rate of dissolution of the active ingredient. In short, the dissolution 
characteristics of the product can be tailor-made to suit the needs of the intended usage of the 
product. For example, it is possible to produce a compacted form with slow dissolution properties 
that would be desirable in a toilet bowl puck or in a swimming pool formulation. Similarly, products 
with much more rapid dissolution characteristics can be prepared for use in shock treatment of water 
for microbiological control. 

Another feature is that by use of the micronized wax binders, compacted products of this 
invention with crush strengths in the range of from 27 to 91 kg per 2.54 cm (60 to 200 pounds per 
inch) of thickness can be formed. Thus, these compacted products are capable of withstanding, to 
a greater extent, the physical stresses encountered in packaging, conveying, handling, shipping, 
storage, and use. 

Other embodiments, features, and advantages of this invention will become still further 
apparent from the ensuing description and appended claims. 

FURTHER DETAILED DESCRIPTION 

The exact mechanism by which the micronized waxes perform the function of producing 
durable pressure compacted shapes or forms from powdery, finely-divided solids is not known. 
Without in any way being limited by theory, it may be that the micronized wax serves in whole or 
in part as an adhesive or bonding agent, for example by forming, when under the compaction 
pressure, a film between adjacent particles that bonds the particles together and thus acts like a 
pressure-activated cement. It is also possible that the micronized wax serves in whole or in part as 
a lubricant which, by reducing the coefficient of friction among adjacent particles, enables the 
particles to come in closer contact with each other during application of compression pressure so that 
large numbers of inter-particulate bonding or fusion sites are created among the adjacent particles. 
It is also possible that the micronized wax enables the particles to be more readily distorted under 
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compression pressure so that the particles can more completely bond or fuse together while under 
such pressure. Indeed, combinations of these and/or other mechanisms may be taking place during 
the application of the compression pressure to a mixture of the particulate substrate and the 
micronized wax. 

Therefore it cannot be over-emphasized that this invention is not intended to be limited, 
should not be interpreted as being limited, and is not to be limited in any way to any mechanism or 
theory of operation. Thus, for example, while the term "binder" is used herein with reference to the 
micronized wax, such term is not intended to limit this invention to any mechanism, theory, or mode 
of operation; should not be interpreted as limiting this invention to any mechanism, theory, or mode 
of operation; and does not limit this invention in any way to any mechanism, theory or mode of 
operation. Rather the term is used to indicate that the micronized wax somehow or other functions 
such that when the compression pressure is released, the particles have come together into a durable 
form or shape that not only can be released from the mold or nip of the compression rolls without 
physical damage, but that possess the strength and durability to withstand the physical stresses 
encountered in packaging, conveying, handling, shipping, storage, and use of the compacted article. 
Exactly how this result actually comes about in a mechanistic or theoretical sense is immaterial to 
the practice of this invention. The point is: the invention works. How it works matters not. 

Various micronized waxes cam be used in the practice of this invention. As noted above, 
these micronized waxes are typically micronized polyolefin waxes, or micronized polyfluorocarbon 
waxes, or mixtures thereof. While the average particle size of the wax can vary within reasonable 
limits, preferred micronized waxes typically have, prior to compaction, an average particle size of 
no greater than about 15 microns. Similarly, preferred micronized waxes typically have, prior to 
compaction, a maximum particle size of no greater than about 40 microns. In most cases, the 
micronized wax has, prior to compaction, a bulk density in the range of 0.9 to 1.4 grams per cc at 
25°C. Another characteristic of preferred micronized waxes is that they at least partially melt at a 
temperature in the range of 100°C to 150°C. 

Among particularly preferred micronized polyethylene waxes are those which, prior to 
compaction, (a) melt at a temperature in the range of 109°C to 1 1 1°C, or (b) have an average particle 
size in the range of 6.0 to 8.0 microns, or (c) a maximum particle size of about 22 microns, or (d) 
have a combination of any two or all three of (a), (b), and (c). 

Included among particularly preferred polypropylene waxes, are those materials which are 
characterized, prior to compaction, by having (a) a melting temperature in the range of 140°C to 
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143°C, or (b) an average particle size in the range of 5.0 to 7.0 microns, or (c) a maximum particle 
size of about 22 microns, or a combination of any two or all three of (a), (b), and (c). 

Particularly preferred micronized wax blends include micronized polyolefin and polyfluoro- 
carbon wax blends which, prior to compaction, at least partially melt at a temperature in the range 
of 104°C to 126°C. Among these blends are those which, prior to compaction, (a) partially melt at 
a temperature in the range of 104°C to 1 10°C, or (b) have an average particle size in the range of 5 
to 7 microns, or (c) have a maximum particle size of about 22 microns, or (d) have a combination 
of any two or all three of (a), (b), and (c). Also included among these blends are those which, prior 
to compaction, (a) partially melt at a temperature in the range of 124°C to 126°C, or (b) have an 
average particle size in the range of 9 to 1 1 microns, or (c) have a maximum particle size of about 
31 microns, or (d) have a combination of any two or all three of (a), (b), and (c). 

Other particularly preferred micronized waxes are modified polyfluorocarbon waxes which, 
prior to compaction, (a) partially melt at a temperature in the range of 108°C to 1 15°C, or (b) have 
an average particle size in the range of 5 to 6 microns, or (c) have a maximum particle size of about 
22 microns, or (d) have a combination of any two or all three of (a), (b), and (c). 

Various methods can be used in fonning the dry blends of this invention. Among preferred 
methods are use of ribbon blenders or tumble blenders for mixing the active ingredient and the 
micronized wax. Equipment of this type is readily available in the marketplace from a number of 
reputable suppliers. As noted above, the amount of the micronized wax in the dry blends of this 
invention will fall within the range of 0.5 to 10 wt%, and preferably in the range of 1 to 5 wt%, based 
on the total weight of the active ingredient and the micronized wax. It will be understood and 
appreciated that departures from these ranges are permissible without departing from the scope of 
this invention, whenever such departures are deemed necessary or appropriate. 

Numerous active ingredients can be utilized in forming the dry blends and the compacted 
products of this invention. Included among such active ingredients are, for example, pharmaceu- 
ticals, dietary supplements, agricultural chemicals, animal feeds, water treating agents, biocidal 
agents, polymer additives, pesticides, and similar substances which are normally in the solid state 
of aggregation. In the blending and compaction of such active ingredients, additional components 
can be included in order to partake of their desirable functions and characteristics. Such additional 
components, often termed excipients, include lubricants, disintegrants, and mold release agents. 
Other optional ingredients which may be used in the formulation of products include fragrances, 
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stabilizers, adjuvants, corrosion inhibitors, dyes, surfactants, synergists, effervescents, diluents, 
builders, chelating agents, and buffers. Such ancillary materials should of course be compatible with 
the active ingredient and not interfere in any material way with its performance characteristics. 

Another feature of this invention is that certain powdery or finely-divided active ingredients, 
when blended with a suitable micronized wax, can be converted directly into pressure compacted 
forms, such as caplets or tablets. 

One preferred group of active ingredients for use in the practice of this invention are the 
finely-divided or powdery profen pharmaceuticals, such as, for example, ibuprofen, ketoprofen, 
naproxen, pirprofen, carprofen, flurbiprofen, and similar non-steroidal analgesics of this general type. 

Another preferred group of active ingredients used in the practice of this invention is 
comprised of l,3-dihalo-5,5-dialkylhydantoins, especially l,3-dibromo-5,5-dimethyl-hydantoin, 1,3- 
dicliloro-5,5-dimethylhydantoin, l-bromo-3-chloro-5,5-dimethylhydantoin, and l-chloro-3-bromo- 
5,5-dimethylhydantoin, or mixtures of two or more of them. These are biocidal agents for use in 
water treatment. These compounds are, in general, sparingly soluble in water. Thus typically for 
water treatment applications l,3-dichloro-5,5-dimethylhydantoin is supplied in the form of a puck 
for insertion into a toilet tank. These pucks apparently are formed by use of one or more binders, 
such as l,3-dichloro-5-ethyl-5-methylhydantoin and/or ethylenebis(stearamide). N,N'-bromochloro- 
5,5-dimethylhydantoin is supplied in solid forms such as granules, tablets, or briquettes for delivery 
into the water being treated by means of water flow through an erosion feeder, or in the form of 
pucks for insertion into a toilet tank. Here again, these solid forms apparently are produced by use 
of one or more binders such as l,3-dichloro-5-ethyl-5-methylhydantoin and/or ethylenebis- 
(stearamide). 

In converting the l,3-dihalo-5,5-dimethylhydantoin/binder blends of this invention into 
granules, conventional processing equipment can be used under the usual operating conditions. 
Typically, the l,3-dihalo-5,5-dimethylhydantoin/binder blend is compressed into sheet form by 
means of a roll compactor. This sheet in turn is broken up into small granules by a mechanical 
device, such as a Chilsonator® breaker (The Fitzpatrick Company, Elmhurst, Illinois). The granules 
are then classified by screening into the desired size range. Undersized granules are typically 
recycled to the roll compactor, whereas oversized granules are recycled to the breaker device. 

Average particle size and particle size distribution of the powdery or finely-divided substrate 
ingredient(s) can vary widely. The only true limitation is that the ingredient(s) being compacted with 
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the micronized wax are not so large or of such character that despite the application of the 
compression pressure and the presence of the micronized wax, such ingredient(s) are incapable of 
being compacted and bound together into a durable form or shape. Typically this invention can be 
used successfully to form durable compacted articles from submicron-sized powders up to granules 
as large as about 3 U.S. standard mesh size. However, preferably the substrate ingredient(s), such 
as for example one or more l,3-dihalo-5,5-dialkylhydantoins, and especially l,3-dibromo-5,5- 
dimethylhydantoin, being shaped or formed pursuant to this invention will have particles with a 
particle size in the range of from 20 microns up to 3 U.S. Standard mesh size. Typically the average 
particle size of such l,3-dihalo-5,5-dialkylhydantoins will be in the range of 20 to 600 microns. 
Preferred for use with a binder of this invention is l,3-dibromo-5,5-dimethylhydantoin particulate 
solids having an average particle size in the range of 175 to 400 microns. Nevertheless departures 
from these sizes are permissible whenever deemed desirable or appropriate, and thus are within the 
scope of this invention. 

The formation of tablets and other compressed shapes such as briquettes from the blends of 
this invention can utilize conventionally known processing equipment and, for the most part, known 
procedures. However, in conducting compaction of the blends of this invention, it is important that 
the compaction pressure be sufficient to induce plastic deformation and interparticulate binding of 
the particles. At the same time, the compaction pressure should not be so great as to produce a 
compacted product which delaminates. Typically, suitable compaction pressures in the practice of 
this invention will fall within the range of 6,895 to 206,850 kPa (1000 to 30,000 psi), and preferably 
in the range of 34,475 to 172,395 kPa (5000 to 25,000 psi). Such compaction can be conducted 
using, for example, a rotary tableting press operated at conventional rotational speeds. Another 
method for accomplishing the compaction is by means of pressure extrusion through a die orifice, 
while concurrently shearing the extrudate to produce compacted shapes of the desired size. In such 
operations, the compaction pressures within the die should be sufficient to induce plastic deformation 
and interparticulate binding of the particles, but insufficient to produce a compacted product which, 
when extruded, undergoes an elastic recovery of a magnitude that causes delamination of the 
compacted extrudate. 

When carrying out compaction of a blend of this invention, it is desirable, but not essential, 
to apply a pressure agglomeration lubricant to the compaction surfaces of the tooling so as to reduce 
the coefficient of friction between the material being compacted and the tooling. When using such 
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lubricant, it is possible to utilize any of a variety of lubricants conventionally used for this purpose. 
However, a feature of this invention is that it is highly advantageous to employ, as such lubricant, 
a micronized wax of the type described herein. Not only is the wax a highly effective lubricant, but 
in addition, the resultant compacted product is free from contamination by an additional component, 
namely a lubricant different from the micronized wax. 

In operations conducted on a small scale using manually filled dies, l,3-dibromo-5,5- 
dimethylhydantoin/binder blends of this invention have been successfully compacted directly into 
tablets. The tablets when released from the dies were intact and exhibited no visual surface 
imperfections. 

When converted into tablets, briquettes, pucks, and other compacted shapes, the blends of 
this invention result in compacted forms of greater crush strength. 

Granules, tablets, and briquettes produced from l,3-dihalo-5,5-dimethylhydantoins of this 
invention are of particular utility as biocidal agents used for treating swimming pools, spas, toilet 
bowl cleaners, cooling towers, air washer systems, waste water, pulp and paper processing 
operations, oil field applications, and decorative fountains. Procedures utilizing such articles as 
biocides in the treatment of water are more fully described in commonly-owned co-pending 
Application No. 09/484,938, filed January 18, 2000. 

As also described above, this invention provides products in which one or more of the 1,3- 
dihalo-5,5-dimethylhydantoins blends of this invention are converted into granules, caplets, tablets, 
briquettes, pucks, or any other large size product, however produced. Typical operations of this type 
have been described above. 

While there are no hard and fast rules governing differentiation with respect to size among 
granules, caplets, tablets, briquettes, and pucks, typically granules are regarded as being particles 
ranging in size from 80 to 3 U.S. standard mesh size. Caplets generally are in the range of 1 .27 to 
2.54 cm (0.5 to 1 inch) in length and with a cross-sectional width in the range of 0.635 to 1 .27 cm 
(0.25 to 0.5 inch). Tablets typically fall in the range of from 1.27 to 2.54 cm (0.5 to 1.0 inch) in 
diameter and 1.27 to 2.54 cm (0.5 to 1.0 inch) in thickness. Briquettes will normally range in size 
from 1.27 to 10.16 cm (0.5 to 4.0 inches) in length, from 1.27 to 10.16 cm (0.5 to 4.0 inches) in 
width, and from 1.27 to 6.35 cm (0.5 to 2.5 inches) in height. Pucks are normally disc-shaped 
objects having a diameter up to about 7.62 cm (3.0 inches) and a thickness in the range of 1.27 to 
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2.54 cm (0.5 to 1.0 inch). It will be understood and appreciated however, that these dimensions are 
not intended to unduly limit the scope of this invention. 

Moreover, when compacted with a suitable binder of this invention, granules, tablets, 
briquettes, or other relatively small shapes formed from the l,3-dihalo-5,5-dimethylhydantoins of 
this invention have excellent physical properties for use in water-treatment systems. The shapes 
erode at slow, but essentially constant rates when maintained in a constant flow of water. They 
withstand the customary physical stresses encountered in packaging, conveying, handling, shipping, 
storage, and use. The compacted solid forms of this invention produced directly from the 1,3-dihalo- 
5,5-dimethylhydantoin/micronized wax blends have excellent crush strength. In fact, such solid 
forms can be produced as even larger non-friable shaped articles such as toilet bowl and swimming 
pool pucks. 

The following Examples are presented to illustrate the practice of, and advantages made 
possible by, this invention. These Examples are not intended to limit, and should not be construed 
as limiting, the scope of this invention to the particular operations or conditions described therein. 
In all operations described in the Examples in which tablets were produced (other than Examples 8 
and 10), the interior surfaces of the die were lightly dusted with a micronized polypropylene wax as 
a lubricant prior to filling the die with the powder to be compacted. In Table 1, and in Tables 3-5, 
the abbreviation DBDMH is used to represent l,3-dibromo-5,5-dimethylhydantoin. 

EXAMPLE 1 

2.5 Grams of a micronized polyethylene wax (MPP-61 1, Micro Powders Inc., Tarrytown, 
New York), was weighed into a crystallizing dish, followed by l,3-dibromo-5,5-dimethylhydantoin 
(47.5 g). A broad-bladed spatula was used to blend the mixture rather like a cook might blend butter 
into flour. After 10 minutes of hand mixing in this fashion, the product was admitted to a glass bottle 
which was rolled to assess the flowability of the mixture. The flow properties of the blend were 
improved over the properties of the l,3-dibromo-5,5-dimethylhydantoin used to make the blend. 

EXAMPLE 2 

2.5 Grams of polypropylene wax (MICROPRO 400, Micro Powders Inc., Tarrytown, New 
York), was weighed into a crystallizing dish, followed by l,3-dibromo-5,5-dimethylhydantoin (47.5 
g). This mixture was blended as described in Example 1, and transferred to a glass bottle which was 
rolled to assess the flowability of the blend. Its flow properties were improved over the properties 
of the l,3-dibromo-5,5-dimethylhydantoin used to make the blend. 
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EXAMPLE 3 4> 

The 1 ,3-dibromo-5,5-dimemylhydantoin blends prepared in Examples 1 and 2 were subjected 
to a compaction test. Each sample was weighed, and introduced into a 1.8 cm (0.71 inch) diameter 
die made from Hastelloy® C alloy and compacted using a screw-driven Sintech® press (MTS Systems 
Corporation, Edenprairie, Minnesota) equipped with a punch also made of Hastelloy® C alloy, to a 
pre-set pressure. Prior to filling the die, its interior surfaces were lightly dusted with a micronized 
polypropylene wax (MICROPRO 400 Micro Powders Inc., Tarrytown, New York) to serve as a 
lubricant. There was no dwell time upon attaining the compaction pressure (i.e., the pressure was 
released immediately). Upon extraction of the tablet from the die, the thickness of the tablet was 
measured with a micrometer, and a visual observation of the tablet was made. 

For comparison, the blends were compared to unblended virgin commercially produced 1,3- 
dibromo-5,5-dimethylhydantoin with an average particle size of about 64. 5 u, and a commercial toilet 
bowl product (abbreviated in Table 1 as CTB product), which is known to be a mixture of other 
halogenated hydantoin compounds. This toilet bowl puck was purchased from a supermarket, 
ground to a powder with a mortar and pestle, and recompacted as above described. 

Table 1 lists the experimental conditions and the observations. 



TABLE 1 



Blend 


Amount of blend 
added to die 


Pressure 


Tablet 
thickness 


Observations 


DBDMH/5 wt% 
MPP-611 wax 


5.0g 


34,475 kPa 
(5000 psi) 


0.989 cm 
(0.389 in.) 


intact tablet, smooth shiny sur- 
faces 


DBDMH/5 wt% 
MICROPRO 400 

wax 


5.0g 


34,475 kPa 
(5000 psi) 


0.950 cm 
(0.374 in.) 


intact tablet, not 100% mold 
release from top punch 


DBDMH - without 
wax binder 


2.5g 


34,475 kPa 
(5000 psi) 




tablet shattered and laminated 
upon removal from die 


CTB product 


2.5g 


34,475 kPa 
(5000 psi) 


0.559 
(0.22 in.) 


intact tablet 



EXAMPLE 4 

A l,3-dibromo-5,5-dimethylhydantoin/5 wt% MPP-61 1 tablet produced in Example 3 was 
placed in a glass beaker of water. The tablet appeared to do nothing. Its physical integrity remained 
intact as it slowly dissolved over a period of several months. In order to prove that it was releasing 
dissolved halogen, the tablet was removed from the water, washed with deionized water and dried 
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with a paper towel. A plastic wash bottle was then used to wash the tablet into a deionized water 
solution containing N,N-diethylphenylenediarnine (DPD) powder. This solution immediately turned 
pink when the wash water was introduced, proving that soluble halogen was being washed from the 
tablet. In this connection, DPD is an indicator of high sensitivity used to detect the presence of 
soluble halogen at the parts per million level. In the presence of such quantities of dissolved 
halogen, the DPD turns pink. 

EXAMPLE 5 

1 , 3 -Dibromo -5,5- dimethy lhy danto in was blended with micronized polyethylene wax (MPP- 
61 1) such that the blend contained 3 wt% of the wax. A sample of the blend (5 g) was compacted 
as described in Example 3 above. Three more samples of the blend (5 g each) were compacted in 
the same manner, and each time a single tablet was extracted from the die after the pressure had been 
released. The tablets were manually broken into two equally-sized pieces. One half of each tablet 
was crushed into a powder with a mortar and pestle, and the powder was titrated using the standard, 
well-known, iodometric method with a starch indicator to determine the wt% of active bromine. The 
other half of each tablet was placed in a sealed glass vial and placed in an oven at 50°C. After 30 
days, the samples were removed from the oven, ground up, and titrated to determine its wt% of 
active bromine using the same analytical method. For comparative purposes, a control sample of 
commercially-produced l,3-dibromo-5,5-dimethylhydantoin having an average particle size of about 
64.5[i (containing no micronized polyethylene wax) was subjected to the same operations. In the 
case of this control sample, despite the light dusting of the die with the micronized polypropylene 
wax, it was not possible to extract a single tablet from the die, and thus only shattered laminates 
could be tested. 

Table 2 lists the results obtained for four samples of l,3-dibromo-5,5-dimethylhydantoin/3 
wt% micronized polyethylene wax blends, along with the control sample containing no additive. 
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TABLE 2 





AVt% Active Bromine 


Initial 


■After 30 days; 


Sample 1 


53.4 


53.3 


Sample 2 


53.3 


53.6 


Sample 3 


54.2 


53.3 


Sample 4 


53.3 


53.7 


Control 


55.3 


55.2 



The data in Table 2 indicate that, within the reproducibility of the analytical technique used, 
the presence of 3 wt% of micronized polyethylene wax in a l,3-dibromo-5,5-dimethylhydantoin 
tablet does not induce a loss of active bromine after storage at 50°C for 30 days. This absence of 
active bromine loss demonstrates the chemical compatibility of l,3-dibromo-5,5-dimethylhydantoin 
and micronized polyethylene wax. 

EXAMPLE 6 

The strength of l,3-dibromo-5,5-dimethylhydantoin blends with different amounts of 
micronized polyethylene wax, tableted as described in Example 3, was measured in a series of crush 
strength tests. In each test, tablets made from 5 g of blended material were used. After extraction 
of each tablet from the die, a visual observation of the tablet was made, and the tablets were then 
aged for 6 days at room temperature. Thereupon the tablets were subjected to the crush strength 
testing utilizing a Sintech® 1/S compression apparatus (MTS Systems Corporation, Edenprairie, 
Minnesota) equipped with Testworks software, which software is installed in the 1/S compression 
apparatus as supplied by MTS Systems Corporation. The apparatus includes a horizontal circular- 
shaped load cell interfaced with a computer, a digital micrometer also interfaced with the computer, 
and a vertical screw-driven piston that is disposed above the load cell and adapted to apply a 
downward force perpendicular to the load cell. The procedure for measuring crush strength involves 
measuring the thickness of the tablet with the micrometer to provide a digitized input to the 
computer. Next the tablet is placed on its edge on the load cell with the piston in contact with the 
upper edge of the tablet. Then the apparatus is activated whereby the piston commences applying 
a progressively increasing downward diametral force to the tablet. At the same time, the load cell 
continuously measures the downward force being applied to the tablet, and the input of such 
measurements is transmitted to the computer. When the force being applied reaches the point where 
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the amount of force suddenly decreases to 10% of the immediately preceding force, the tablet has 
reached the breaking point, and the application of the force is immediately terminated by the 
software program. From the inputs to the computer, two values are provided, namely the pounds of 
force at the breaking point of the tablet, and the pounds of force per inch thickness of the tablet at 
the breaking point. Thus the greater the force applied, the greater the crush strength. 

The crush strength of the tablets was compared to a commercial toilet bowl product 
(abbreviated as CTB product in Table 3). This product was purchased from a supermarket, ground 
to a powder, and re-compacted under the conditions described above. 

Table 3 summarizes the observations and results. The crush strength data represent an 
average of 3 separate measurements. 



TABLE 3 



Blend 


Average thickness 


Average crush strength 


Observations' ' \. 


DBDMH/5 wt% MPP-61 1 wax 


0.97 cm 
(0.38 in.) 


42.5 kg/2.54 cm 
(93.7 lb./in.*) 


Intact tablets, shiny surfaces, 
low dust 


DBDMH/3 wt%MPP-611 wax 


0.97 cm 
(0.38 in.) 


26.3 kg/2.54 cm 
(57.9 lb./in.) 


intact tablets, shiny surfaces, 
low dust 


DBDMH72 wt% MPP-611 wax 


0.94 cm 
(0.37 in.) 


16.8 kg/2.54 cm 
(37.0 lb./in.) 


intact tablets, shiny surface, 
low dust 


CTB product 


1.12 cm 
(0.44 in.) 


25.1 kg/2.54 cm 
(55.2 lb./in.) 


intact tablets, dull surfaces, 
dusty 



*An estimate because 2 of the 3 tablets did not break before the limit of the load cell was exceeded. 

The data in Table 3 clearly demonstrate that the crush strength of the tablets is a function of 
the micronized polyethylene wax loading, and that when using micronized polyethylene wax with 
l,3-dibromo-5,5-dimethylhydantoin, it is possible to obtain a stronger product than a commercial 
toilet bowl product. 

EXAMPLE 7 

A series of different blends was prepared using a variety of micronized waxes (purchased 
from Micro Powders Incorporated, Tarrytown, New York). Each blend was prepared in the fashion 
described in Example 1, such that the blend contained 3 wt% wax. Tableting and crush strength 
testing were performed as described in Examples 3 and 6, respectively. 

The crush strength of the tablets was compared to a commercial toilet bowl product 
(abbreviated as CTB product in Table 4). This commercial toilet bowl product was purchased from 
a supermarket, ground to a powder, and re-tableted under the conditions described in Example 3. 
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Table 4 summarizes the observations and results. The crush strength data represent an 
average of 3 separate measurements. 

TABLE 4 





,Ayerage' : 
thickness,. 


Average crush strength;. 


Observations 


Polyfluo 200 wax 


0.97 cm 
(0.38 in.) 


13.7 kg/2.54 cm 
(30.2 lb/in.) 


Intact tablets, tend to end-cap on 
breaking 


Polyfluo 400 wax 


0.94 cm 
(0.37 in.) 


10.1 kg/2.54 cm 
(22.2 lb/in.) 


Intact tablets, tend to end-cap on 
breaking 


MICROPRO 400 wax 


0.91 cm 
(0.36 in.) 


5.4 kg/2.54 cm 
(11.8 lb/in.) 


Intact tablets, tend to end-cap on 
breaking 


Synfluo 180 VF wax 


0.97 cm 
(0.38 in.) 


17.2 kg/2.54 cm 
(37.8 lb/in.) 


Intact tablets, tend to end-cap on 
breaking 


Polysilk 600 wax 






Powder is discolored, chemical in- 
compatibility; no tablets were made 


Handy Tack 140 resin 


0.99 cm 
(0.39 in.) 


12.5 kg/2.54 cm 
(27.5 lb/in.) 


Intact tablets are discolored, chemi- 
cal incompatibility 


CTB product 


1.12 cm 
(0.44 in.) 


46.4 kg/2.54 cm 
(102.3 lb/in.) 


Intact tablets 



Although in the tests summarized in Table 4 the l,3-dibromo-5,'5-dimethylhy- 
dantoin/micronized wax tablets are not as strong as the prepared sample of CTB product, 
nevertheless all of the micronized waxes served as effective binders for l,3-dibromo-5,5- 
dimethylhydantoin in that they produced whole tablets and that remained intact when extracted from 
a die, and that exhibited adequate crush strength. However, a micronized modified petroleum resin 
(Handy Tack 140, Micro Powders Inc., Tarrytown, NY) and a fluorinated hydrocarbon mixture 
(Polysilk 600, Micro Powders Inc., Tarrytown, NY) both display signs of chemical incompatibility 
with halogenated hydantoins. 

EXAMPLE 8 

A ribbon blender with a volume of two cubic feet was used to mix 25 kg of 1 ,3-dibromo-5,5- 
dimethylhydantoin having an average particle size of 64.5|j., with micronized polyethylene wax 
(MPP-61 1) to achieve loadings of 2.0 wt% and 2.5 wt% of wax. The mixing time was 60 minutes 
in each case. A double-cone, tumble blender with a volume of 5 cubic feet was used to tumble mix 
25 kg of 1 ,3-dibromo-5,5-dimethylhydantoin with micronized polyethylene wax to achieve a loading 
of 3 wt% of wax. The mixing time was 240 minutes. 
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Each blend was passed through a Chilsonator® breaker (The Fitzpatrick Company, Elmhurst, 
Illinois) and a set of screens to produce compacted granules of U.S. mesh size 12 to 18. Virgin, 
commercially produced l,3-dibromo-5,5-dimethylhydantoin having an average particle size of 64.5|_i, 
without micronized polyethylene wax was also passed through the same equipment. This material 
did not compact and form granules. Instead, the unblended material exiting the Chilsonator® was 
mostly loose powder. 

The granules of each 1 ,3-dibromo-5,5-dimemymydantoin/micronized polyethylene wax blend 
were introduced to the feed hopper of a rotary tablet press. The turret contained 1 8 die cavities, each 
of which is 1.905 cm (0.75 inches) in diameter, which was automatically filled with granules which 
were compressed between two punches made of Hastelloy® C alloy. The tablets ejected from the 
tablet press were collected, and 7 days later were subjected to crush strength testing as in Example 
6. The results given in Table 5 are an average of at least 3 tests. 



TABLE 5 



DBDMH Blend 


Tablet Thickness 


Crush strength 


2 wt% MPP-61 1 wax, V-blender 


1.24 cm (0.49 in.) 


7.5 kg/2.54 cm 
(16.6 lb/in) 


2.5 wt% MPP-61 1 wax, Ribbon 


1.24 cm (0.49 in.) 


8.8 kg/2.54 cm 
(19.3 lb/in) 


3 wt% MPP-611 wax, Ribbon 


1.83 cm (0.72 in.) 


10.9 kg/2.54 cm 
(24.1 lb/in) 



The main findings from the runs in Example 8 were that the commercially produced 1,3- 
dibromo-5,5-dimethylhydantoin with an average particle size of about 64.5(J, alone cannot be 
compacted into granules suitable for making tablets, and that the presence of micronized 
polyethylene wax (MPP-61 1) with such finely-divided 1 ,3-dibromo-5,5-dimethylhydantoin promotes 
the process of compaction into granules. These granules can be fed to a tableting machine and 
compacted into tablets. The strength of the tablets is governed by the amount of micronized 
polyethylene wax present. The higher the loading of micronized polyethylene wax, the stronger the 
tablet. 

EXAMPLE 9 

The crush strength of tablets formed from large average particle sized l,3-dibromo-5,5- 
dimethylhydantoin formulated with a binder was measured as in Example 6. This 1 ,3-dibromo-5,5- 
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dimethylhydantoin had an average particle size of about 189 microns, and the binder was a 
micronized polyethylene wax (MPP-61 1), and the binder was 3 wt% of the blend. As in Example 
6, the crush strength measurements were made utilizing the Sintech® 1/S compression apparatus 
equipped with Testworks software. The procedure for producing the tablets was as described in 
Example 3. The results of the crush strength tests are summarized in Table 6. 



TABLE 6 



tablet Thickness , 


Crush Strength 


'Crush, Strength .. : :fr: ^| 


0.945 cm (0.372 in.) 


18.1 kg (39.8 lb.) 


48.7 kg/2.54 cm (107.2 lb./in.) 


0.953 cm (0.375 in.) 


20.4 kg (44.9 lb.) 


54.4 kg/2.54 cm (119.9 lb./in.) 


0.953 cm (0.375 in.) 


17.0 kg (37.5 lb.) 


45.4 kg/2.54 cm (100.0 lb./in.) 


0.953 cm (0.375 in.) 


16.4 kg (36.1 lb.) 


43.8 kg/2.54 cm (96.5 lb./in.) 


0.958 cm (0.377 in.) 


17.1 kg (37.6 lb.) 


45.3 kg/2.54 cm (99.7 lb./in.) 


Averaged Results 


17.8 kg (39.2 lb.) 


47.5 kg/2.54 cm (104.6 lb./in.) 



EXAMPLE 10 

Tableting operations were carried out using three different samples of l,3-dibromo-5,5- 
dimethylhydantoin. In these operations, a 6.35 cm (2.5-inch) diameter stainless punch and die were 
used to compact samples weighing 63.8 grams each. The objective was to produce very large tablets. 
A thin film of silicone oil lubricant was applied to the internal faces of the punch and die to promote 
good mold release. A Carver Press was used to apply a pressure of 34,475 kPa (5000 psi) to the 
material. There was no dwell time, and the pressure was immediately released on obtaining 34,475 
kPa (5000 psi). On extraction from the die, a visual observation of the compacted form was made. 
Table 7 summarizes the information obtained from these operations. 
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1 3-clibromo-^ S-dimetlivl- 


Averase Darticle size of 
5 : the sample, micfo^s|| ||| 


: 0faservations '■ 


Sample produced by process of 
Application No. 09/484,844 with 5 
wt% of micronized polyethylene 
wax as binder 


133.4 microns 


Intact tablet with smooth surfaces 
and no surface defects 


Sample produced by process of 
Application No. 09/484,844 
without binder 


133.4 microns 


Intact tablet exhibiting some end 
capping; softer tablet than the above 


Commercial sample without binder 


64.5 microns 


Tablet delaminates on expulsion 
from die and shatters into pieces 



In order to demonstrate the efficacy of the binders of this invention in producing tablets or 
caplets for pharmaceutical usage, operations were conducted in which the substrate pharmaceutical 
used was naproxen. These operations are described in Example 1 1 . 

EXAMPLE 11 

A blend of commercially available virgin naproxen powder (Albemarle Corporation, 
Richmond, Virginia) and micronized polyethylene wax (MPP-61 1 ; Micro Powders, Inc., Tarrytown, 
New York) was formed. The blend contained 10 wt% of the micronized wax. Two 250 mg samples 
and three 3 1 8 mg samples of this blend were compacted in an imprinted stainless steel punch and 
die set of 0.30 cm (0. 12-inch) cross-sectional area. Upon attaining apressure of 171,250 kPa (25,000 
psi), the pressure was released. When the top and bottom punches were separated, whole, intact 
caplets resulted. The caplets were shiny and free of edge-burrs and surface defects. The imprinted 
lettering from the top punch was clearly impressed into the caplets. 

In sharp contrast, when attempts had been made under the same conditions, using the same 
equipment to compact commercially available virgin naproxen from the same manufacturer, and 
without use of any binder, all such attempts resulted in utter failure. No unbroken caplet of naproxen 
could be produced. Instead, as the punches were separated, approximately half of the naproxen had 
stuck to the top punch and the remainder had stuck to the bottom punch. 

Example 12, which is presented for comparative purposes, illustrates a method of producing 
tablets from large average particle size l,3-dibromo-5,5-dimethylhydantoin without use of binders, 
and the crush strength of such tablets. These and related results are set forth in commonly-owned 
copending Application No. 09/484,687, referred to at the outset. 
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EXAMPLE 12 

Five gram samples of l,3-dibromo-5,5-dimethylhydantoin of large average particle size were 
compacted without binder in a Sintech® press (MTS Systems Corporation, Edenprairie, Minnesota) 
equipped with a punch and die fabricated from Hastelloy® C alloy. Prior to filling the die, its interior 
surfaces were lightly dusted with a micronized polypropylene wax to serve as a lubricant. The 
pressure applied was 34,475 kPa (5000 psi) with no dwell time. The resultant tablets after removal 
from the die were aged for 6 days at room temperature. Thereupon the tablets were subjected to 
crush strength testing as in Example 6. Two groups of such tests were conducted. One set (Set A) 
involved forming and evaluating 5 tablets from a batch of l,3-dibromo-5,5-dimethylhydantoin of 
large average particle size produced in a continuous process (see Examples 20 and 21 hereinafter). 
The other set (Set B) of tests involved 3 tablets produced from another batch of large average particle 
size of l,3-dibromo-5,5-dimethylhydantoin produced in a batch process conducted at 67°C (see 
Examples 16 and 18 hereinafter). Table 8 summarizes the results of these tests. 



TABLE 8 



Test Set 


Tablet Thickness 


Crush Strength 


Crush Strength 


A 


0.927 cm 


9.5 kg 


26.0 kg/2.54 cm 




(0.365 in.) 


(20.9 lb.) 


(57.3 lb./in.) 


A 


0.932 cm 


11.6 kg 


3 1.6 kg/2.54 cm 




(0.367 in.) 


(25.5 lb.) 


(69.5 lb./in.) 


A 


0.930 cm 


8.7 kg 


23.8 kg/2.54 cm 




(0.366 in.) 


(19.2 lb.) 


(52.5 lb./in.) 


A 


0.932 cm 


10.4 kg 


28.2 kg/2.54 cm 




(0.367 in.) 


(22.8 lb.) 


(62.1 lb./in.) 


A 


0.925 cm 


10.8 kg 


29.5 kg/2.54 cm 




(0.364 in.) 


(23.7 lb.) 


(65.0 lb./in.) 


Avg. of A 




10.2 kg 


27.8 kg/2.54 cm 






(22.4 lb.) 


(61.3 1b./in.) 


B 


0.897 cm 


4.9 kg 


13.8 kg/2.54 cm 




(0.353 in.) 


(10.7 lb.) 


(30.4 lb./in.) 


B 


0.894 cm 


5.8 kg 


16.5 kg/2.54 cm 




(0.352 in.) 


(12.8 lb.) 


(36.4 lb./in.) 


B 


0.899 cm 


4.4 kg 


12.6 kg/2.54 cm 




(0.354 in.) 


(9.8 lb.) 


(27.8 lb./in.) 


Avg. of B 




5.0 kg 


14.3 kg/2.54 cm 






(11.1 lb.) 


(31.5 lb./in.) 
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As more fully described in commonly-owned copending Application No. 09/483,896 referred 
to at the outset, tablets of conventional, small particle size l,3-dibromo-5,5-dimethylhydantoin 
devoid of binder can be tableted when first converted into granular form and then tableted as 
described in that Application. 

The most effective presently-known process for producing 1 , 3 -dihalo- 5 , 5 -dimethylhydantoins 
is described in commonly-owned copending Application No. 09/484,844, filed January 18, 2000. 
That process comprises, for example, concurrently feeding (i) an aqueous solution or slurry formed 
from an inorganic base and 5,5-dimethylhydantoin, and (ii) a brominating agent and/or a chlorinating 
agent in proportions such that each nitrogen atom is substituted by a bromine or chlorine atom, 
thereby continuously forming product which precipitates in an aqueous reaction mixture. The pH 
of the mixture is continuously maintained in the range of 5.5 to 8.5. Examples 13-23 illustrate that 
process. In Examples 13-23, pH was monitored by use of a pH meter. In Examples 13-22, bromine 
was fed using a Cole-Parmer Masterflex computerized drive and Easy-Load® pump head. When 
conducting the continuous operations of Examples 21 and 22, the resulting reaction slurry was 
collected manually and intermittently from the bottom of the reactor. Each fraction was collected 
in a 500 mL flask. 

EXAMPLE 13 

235 Grams of NaOH (5.85 mol) are dissolved in 1800g of water, and 375g of 5,5- 
dimethylhydantoin (2.93 mol) is added to the NaOH solution. There are 935g of Br 2 (5.85 mol) in 
the bromine reservoir. A 1-liter jacketed flask into which the Br 2 and the 5,5-dimethylhy- 
dantoin/NaOH solution are fed is maintained at 25°C with a cooling bath. The 5,5-dimethyl- 
hydantoin/NaOH solution is co-fed to the reaction flask simultaneously with, but separately from, 
Br 2 . The feed of the 5,5-dimethylhydantoin/NaOH solution was initiated shortly before (e.g., 3-4 
min.) the initiation of the Br 2 feed. The feed rate of the 5,5-dimethylhydantoin/NaOH solution is 10 
mL/minute, and the feed rate of the Br 2 is 1.60-1.70 mL/minute. The reaction mixture is stirred with 
a mechanical stirrer at a rate of 350-400 rpm. During the reaction, the pH ranged from 7.4 to 7.9. 
The slurry that forms as the reaction progresses is collected at a rate such that the level of the solution 
in the reaction flask remains constant. 500 mL fractions of product are collected through the bottom 
of the reaction flask, in an average time of 30 minutes per fraction. When the 5,5-dimethyl- 
hydantoin/NaOH solution feed is finished, 86g of Br 2 (0.54 mol) remains in the bromine reservoir. 
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Each product fraction is filtered and washed with three 500 niL portions of water, and the 
solid is then dried under a stream of nitrogen. The isolated yield of l,3-dibromo-5,5-dimethyl- 
hydantoin is 673 g, a yield of 80% based on 5,5-dimethylhydantoin, or a yield of 89% based on Br 2 . 
The active bromine content is at least 99%, as determined by iodometric titration. 

EXAMPLE 14 

44 Grams of NaOH (1.1 mol) are dissolved in 338g of water, and 70.4g of 5,5-dimethyl- 
hydantoin (0.55 mol) is added to the NaOH solution. There are 175. lg of Br 2 (1.1 mol) in the 
bromine reservoir. The reaction flask into which the Br 2 and the 5,5-dimethylhydantoin/NaOH 
solution are fed is maintained at 35°C with a heating bath. The reaction flask is charged with -200 
mL heel (238g) of a l,3-dibromo-5,5-dimethylhydantoin filtrate (mother liquor). The 5,5- 
dimethylhydantoin/NaOH solution is co-fed to the reaction flask simultaneously with, but separately 
from, Br 2 . The reaction mixture is stirred with a mechanical stirrer at a rate of 400 rpm. During the 
reaction, the pH ranged from 6.9 to 8.2. The reaction temperature stabilized at 37°C during the 0.5 
hour addition time. When the addition of reagents is finished, the orange slurry is filtered at 35°C 
and washed with 650 mL of water. The resultant white solid is dried overnight under a stream of 
nitrogen. The isolated yield of l,3-dibromo-5,5-dimethylhydantoin is 147.6g, a yield of 94%, and 
the active bromine content of the l,3-dibromo-5,5-dimethylhydantoin is 55.1 wt% (98.6% of the 
theoretical value), as determined by iodometric titration. 

EXAMPLE 15 

44 Grams of NaOH (1.1 mol) are dissolved in 338g of water, and 70.4g of 5,5-dimethyl- 
hydantoin (0.55 mol) is added to the NaOH solution. There are 172.0g of Br 2 (1.07 mol) in the 
bromine reservoir. The reaction flask into which the Br 2 and the 5,5-dimethylhydantoin/NaOH 
solution are fed is maintained at 67°C with a heating bath. The reaction flask is charged with -200 
mL heel (238g) of a l,3-dibromo-5,5-dimethylhydantoin filtrate (mother liquor). The 5,5- 
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overnight under a stream of nitrogen. The isolated yield of l,3-dibromo-5,5-dimethylhydantoin is 
130.5g, a yield of -83% based on 5,5-dimethylhydantoin, or a yield of ~85% based on Br 2 . The 
active bromine content of the l,3-dibromo-5,5-dimethylhydantoin is 55.9 wt% (100% of the 
theoretical value), as determined by iodometric titration. Particle size data on the l,3-dibromo-5,5- 
dimethylhydantoin product formed in this operation based on a representative dried sample of the 
product are summarized in Table 9. 



TABLE 9 



Particle Size. Category 


Particle Size of Product 


Average 


237.5p. 


10% is greater than 


371.6u 


25% is greater than 


309.8jx 


50% is greater than 


239.1u 


75% is greater than 


I65.6\i 


90% is greater than 


99.81^ 


Range 


0.040-541.9(1 



EXAMPLE 16 

354 Grams of NaOH (8.85 mol) are dissolved in 2700g of water. 562g of 5,5-dimethyl- 
hydantoin (4.386 mol) is added to the NaOH solution. The reaction flask is charged with 500 mL 
heel of a l,3-dibromo-5,5-dimethylhydantoin filtrate (mother liquor). The 5,5-dimethylhydan- 
toin/NaOH solution is co-fed to the jacketed reaction flask, no heating or cooling is applied 
simultaneously with, but separately from, Br 2 . The feed rate of the 5,5-dimethylhydantoin/NaOH 
solution is 1 0 mL/minute, and the feed rate of the Br 2 is initially 1 .70 mL/minute, but is adjusted later 
to 1 .68 mL/minute to maintain the pH of the reaction mixture at -7.0. The reaction mixture is stirred 
with a mechanical stirrer at a rate of 400 rpm reaction temperature is stabilized at about 42°C. The 
slurry that forms as the reaction progresses is collected at a rate such that the level of the solution in 
the reaction flask remains constant. Eight 500 mL fractions of product were collected through the 
bottom of the reaction flask, in an average time of 30 minutes per fraction. A total of 1374.5g of Br 2 
(8.59 mol) are added during the reaction. 

Each product fraction is filtered and washed with a 500 mL portion of water; the solids are 
then dried overnight at 50°C in a vacuum oven. The total isolated yield of l,3-dibromo-5,5- 
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dimethylhydantoin is 1152g, a yield of 92% based on 5,5-dimethylhydantoin, or a yield of 94% 
based on Br 2 . The active bromine content of the l,3-dibromo-5,5-dimethylhydantoin ranges from 
55.4 wt% to 55.7 wt% (99.1% to 99.7% of the theoretical value), as determined by iodometric 
titration. The average particle size of the l,3-dibromo-5,5-dimethylhydantoin is greater than 150u. 

EXAMPLE 17 

89 Grams of NaOH (2.2 mol) are dissolved in 676g of water, and 141g of 5,5-dimethyl- 
hydantoin (1.1 mol) is added to the NaOH solution. There are 350g of Br 2 (2.2 mol) in the bromine 
reservoir. The reaction flask into which the Br 2 and the 5,5-dimethylhydantoin/NaOH solution are 
fed is maintained at 67°C with a heating bath. The reaction flask is charged with ~400 mL heel 
(483g) of a l,3-dibromo-5,5-dimethylhydantoin filtrate (mother liquor). The 5,5-dimethyl- 
hydantoin/NaOH solution is co-fed to the reaction flask simultaneously with, but separately from, 
Br 2 . The reaction mixture is stirred with a mechanical stirrer at a rate of 400 rpm. During the 
reaction, the pH ranged from 6.8 to 7.1 . The reaction temperature stabilized at 67°C during the 66 
minute addition time. When the addition of reagents is finished, the orange slurry is filtered at 43 °C 
and washed with 1000 mL (2x500 mL) of water. The resultant white solid is dried overnight under 
a stream of nitrogen. 307.3 Grams of Br 2 (1.92 mol) had been fed to the reaction flask. The isolated 
yield of l,3-dibromo-5,5-dimethylhydantoin is 212.5g, ayield of 77% based on Br 2 , and 68% based 
on 5,5-dimethylhydantoin; the active bromine content of the l,3-dibromo-5,5-dimethylhydantoin is 
55.9 wt% (100% of the theoretical value), as determined by iodometric titration. 

EXAMPLE 18 

88 Grams of NaOH (2.2 mol) are dissolved in 338g of water, and 140.8g of 5,5-dimethyl- 
hydantoin (1.1 mol) is added to the NaOH solution. There are 352g of Br 2 (2.2 mol) in the bromine 
reservoir. The reaction flask into which the Br 2 and the 5,5-dimethylhydantoin/NaOH solution are 
fed is maintained at 69°C with a heating bath. The reaction flask is charged with -200 mL heel 
(240g) of a l,3-dibromo-5,5-dimethylhydantoin filtrate (mother liquor). The 5,5-dimethyl- 
hydantoin/NaOH solution is co-fed to the reaction flask simultaneously with, but separately from, 
Br 2 . The reaction mixture is stirred with a mechanical stirrer at a rate of 400 rpm. During the 
reaction, the pH ranged from 6.8 to 7.0. The reaction temperature stabilized at 68-69°C during the 
39 minute addition time. When the addition of reagents is finished, the orange slurry is filtered at 
40°C and washed with 500 mL of water. The resultant white solid is dried overnight under a stream 
of nitrogen. 285.5 Grams of Br 2 (1.78 mol) had been fed to the reaction flask. The isolated yield of 
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l,3-dibromo-5,5-dimethylhydantoin is 186.8g, a yield of 73% based on Br 2 , and 60% based on 5,5- 
dimethylhydantoin; the active bromine content of the l,3-dibromo-5,5-dimethylhydantoin is 53.4 
wt% (96% of the theoretical value), as determined by iodometric titration. 

Table 10 summarizes the particle size data for the products of Examples 17 and 18. 



TABLE 10 



rarUCiC >I/.C l.UiClUMy 


rUtUCIC oi/.c OI rlOULlCr - 

Example 17 


raruciO .>!/.c o\ i ioc.ua - 

• Example iS-d/^l ■ £ ::f 


Average 


210.4|i 


293.6p. 


10% is greater than 


381.7u 


451.2(x 


25% is greater than 


298.3u 


349.6u 


50% is greater than 


196.8|i 


256.3H 


75% is greater than 


115.3u 


174.9n 


90% is greater than 


56.86n 


110.6^ 


Range 


0.040-594.9|i 


0.040- >2000^i 



EXAMPLE 19 

44.2 Grams of NaOH (1.1 mol) are dissolved in 338g of water, and 70.4g of 5,5-dimethyl- 
hydantoin (0.55 mol) is added to the NaOH solution. There are 173g of Br 2 (1.08 mol) in the 
bromine reservoir. The reaction flask into which the Br 2 and the 5,5-dimethylhydantoin/NaOH 
solution are fed is maintained at 57°C with a heating bath. The reaction flask is charged with ~200 
mL heel (244g) of a l,3-dibromo-5,5-dimethylhydantoin filtrate (mother liquor). The 5,5- 
dimethylhydantoin/NaOH solution is co-fed to the reaction flask simultaneously with, but separately 
from, Br 2 . The reaction mixture is stirred with a mechanical stirrer at a rate of 400 rpm. During the 
reaction, the pH ranged from 6.8 to 7.2. Maintenance of the desired pH was accomplished by 
adjusting the bromine feed rate. The reaction temperature stabilized at 57°C during the 33 minute 
addition time. When the addition of reagents is finished, the orange slurry is filtered at 38°C and 
washed with 500 mL of water. The resultant white solid is dried overnight under a stream of 
nitrogen. The isolated yield of l,3-dibromo-5,5-dimethylhydantoin is 139.8g, a yield of 91% based 
onBr 2 , and 89% based on 5,5-dimethylhydantoin; the active bromine content of the l,3-dibromo-5,5- 
dimethylhydantoin is 55.7 wt% (99.7% of the theoretical value), as determined by iodometric 
titration. 
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EXAMPLE 20 

44.2 Grams of NaOH (1.1 mol) are dissolved in 338g of water, and 70.3g of 5,5-dimethyl- 
hydantoin (0.55 mol) is added to the NaOH solution. There are 172.5g of Br 2 (1.08 mol) in the 
bromine reservoir. The reaction flask into which the Br 2 and the 5,5-dimethylhydantoin/NaOH 
solution are fed is maintained at 48°C with a heating bath. The reaction flask is charged with -200 
mL heel of a l,3-dibromo-5,5-dimethylhydantoin filtrate (mother liquor). The 5,5-dimethyl- 
hydantoin/NaOH solution is co-fed to the reaction flask simultaneously with, but separately from, 
Br 2 . The reaction mixture is stirred with a mechanical stirrer at a rate of 400 rpm. During the 
reaction, the pH ranged from 6.8 to 7.2. Maintenance of the desired pH was accomplished by 
adjusting the bromine feed rate. The reaction temperature stabilized at 48 °C during the 34 minute 
addition time. When the addition of reagents is finished, the orange slurry is filtered at 38°C and 
washed with 500 mL of water. The resultant white solid is dried overnight under a stream of 
nitrogen. The isolated yield of l,3-dibromo-5,5-dimethylhydantoin is 144.8g, a yield of 94% based 
on Br 2 , and 92% based on 5,5-dimethylhydantoin; the active bromine content of the l,3-dibromo-5,5- 
dimethylhydantoin is 55.0 wt% (98.4% of the theoretical value), as determined by iodometric 
titration. 

The particle size data for the products of Examples 19 and 20 are summarized in Table 11. 



TABLE 11 



Particle Size Category 


Particle Size of Product - 
Example 19 


Particle Size of Product - 
Example 20 


Average 


231.2|i 


178.4u 


10% is greater than 


338.3|a 


281. lu 


25% is greater than 


285.0|i 


230.9u 


50% is greater than 


228.8(1 


175.7^ 


75% is greater than 


177.8u 


125.0u 


90% is greater than 


133.0u 


79.14(x 


Range 


0.040-493.6(1 


0.040-409.6u 



EXAMPLE 21 

The process of this Example was conducted in a continuous fashion. A feed solution of 5,5- 
dimethylhydantoin/NaOH was formed by adding 5,5-dimethylhydantoin to a 9 wt% NaOH solution, 
such that the 5,5-dimethylhydantoin concentration was about 1.1 M. The 5,5-dimethylhy- 
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dantoin/NaOH solution was co-fed to the reaction flask simultaneously with, but separately from, 
Br 2 . The flask was suspended in a heating bath. The reaction mixture was stirred with a mechanical 
stirrer at a rate of 500 rpm. The reaction mixture was maintained at a pH of about 7.0±0.2, and the 
reaction temperature was maintained at 55°C. Ten fractions of product were collected in an average 
time of 30 minutes per fraction. The isolated yield of the l,3-dibromo-5,5-dimethylhydantoin was 
90% based on 5,5-dimethylhydantoin, and 92% based on added Br 2 . The purity of the 1,3-dibromo- 
5,5-dimethylhydantoin, a white crystalline product, was 99.8%, based on the theoretical bromine 
content. Fractions 5-10 represent the particle size of the product as formed during steady-state 
operating conditions. Table 12 summarizes average particle size data and particle size distribution 
data relating to fractions 5-10 based on samples of each such fraction taken during the steady-state 
operation of the continuous process. The determinations showed that a bimodal distribution of the 
product had been produced. The overall average particle size of the product was 512.3 microns. 



TABLE 12 



Particle Size 


Fraction 5 


Fraction 6 


Fraction 7 


Fractions 


Fractions 9+10 


Average 


371.7n 


445.6u 


535.5^ 


560.3|i 


545.9U 


10% is 
greater than 


530.7n 


626.0|i 


724.7U 


805.0u 


952.1a. 


25% is 
greater than 


462.2^ 


550.9u 


643 .3 u 


729.3 n 


833.4p. 


50% is 
greater than 


386.0^ 


474.5u 


559.7n 


641.8n 


676.7u 


75% is 
greater than 


256.8|a. 


369.6|x 


447.8u 


436.1n 


149.6^ 


90% is 
greater than 


94.76u 


134.4u 


150.3n 


94.5|i 


76.02^ 


Range 


0.791-786.9^; 
1255-1512ii 


4.241-786.9^; 
1143-1255^ 


3.519-863.9u; 
1143-1512p. 


3.519-8.639u; 
1143-1512u 


0.721-409.6(j; 
493.6-1255^ 



EXAMPLE 22 

Another continuous operation was conducted in a manner similar to that of Example 21 . The 
feed solution was formed by dissolving 355g (8.87 mols) in 3550g of water. To this was added 560g 
(4.37 mols) of 5,5-dimethylhydantoin. The concurrent feeds were adjusted to maintain the pH of the 
aqueous reaction mixture at 7.0±0.2. The temperature was maintained at 55°C. The total amount 
of bromine (Br 2 ) fed was 1359.4g (8.50 mols). As in Example 21, ten fractions of the reaction 
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mixture were collected. However, in this operation, the addition rates were adjusted such that the 
average residence time was approximately 1 hour per fraction. The total isolated yield of 1,3- 
dibromo-5,5-dimethylhydantoin was 88% based on 5,5-dimethylhydantoin used and 90% based on 
the added bromine. The l,3-dibromo-5,5-dimethylhydantoin product was obtained as a white 
crystalline solid. Table 13 summarizes the average particle size data and product distribution data 
relating to the product formed in this reaction. Fractions 5-10 represent the particle size of the 
product as formed during steady-state operating conditions. As in Example 21, the product formed 
was bimodal. In Table 13 "n.d." indicates that the particle size determination for the larger particle 
sized fraction was not detennined; the instrument used could not measure particles having a particle 
size greater than 2000 microns. The overall average particle size of the product was at least 455.5 
microns. 



TABLE 13 



Particle .... 
Size 


Fraction 5 •" 


Fraction 6 


Fraction 7 


Fraction 8 


Fractions 
9+10 


Average 


421.2n 


478.6n 


494% 


536.6(i 


631.9(1 


10% is 
greater than 


606.5u 


699.1u 


781.7u 


1063(1 


1438(i 


25% is 
greater than 


532. In 


623.4|i 


681.5u 


813.9(i 


995.7u 


50% is 
greater than 


452.3 u 


535.0(x 


548.5u 


546.7(i 


522.8 


75% is 
greater than 


340.0n 


372.2(1 


176.6u 


150.3u 


160.7(1 


90% is 
greater than 


140.8H 


112.8n 


68.94u 


72.93 


81.68u 


Range 


2.423-786.9^; 
n.d. 


2.423-863.9u; 
n.d. 


1.520-863.9(1; 
1255-1512(1 


0.04-2000(i; 
n.d. 


0.04->2000(i; 
n.d. 



EXAMPLE 23 

Another continuous operation was performed using a glass reactor into which were 
concurrently fed, on a continuous basis, an aqueous solution formed from 5,5-dimethylhydantoin and 
NaOH, and a separate feed of bromine. The aqueous solution was made by adding 5,5- 
dimethylhydantoin to an aqueous 9 wt% NaOH solution. This solution contained about 22.4 wt% 
of 5,5-dimethylhydantoin and 7 wt% NaOH. A one liter, jacketed reactor having an interior diameter 
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of 82 millimeters equipped with an anchor agitator, with an outer diameter of 72 millimeters, was 
used, and a silicone fluid (Rhodersil 4720V20 fluid; Rhone-Poulenc) was circulated through the 
jacketing. The temperature of the reaction was controlled at 38°C. Both feeds were controlled by 
pumps; the average feed rate of the 5,5-dimemymydantoin/NaOH solution was 15.84 grams/minute 
via a Prominent Gamma G/4A positive displacement pump, and the average feed rate of the bromine 
was 4.67 grams/minute via a Masterflex Easy-Load peristaltic pump. The reaction mixture was 
stirred at 400 rpm. The pH of the reaction was monitored by measuring the pH of the effluent using 
a pH meter, and the pH ranged from 6.06 to 6.36 during the reaction. Product removal from the 
reactor was also controlled by a pump. Residence time was, on average, 30 minutes per fraction; 
each fraction was about 500 mL. A yield of 90.5% of l,3-dibromo-5,5-dimethylhydantoin was 
obtained, based on the amount of 5,5-dimethylhydantoin fed to the reactor. The active bromine 
content of the l,3-dibromo-5,5-dimethylhydantoin was >55.3%, as determined by standard 
iodometric titration. Thus, the purity of this product was greater than 99.0%. 

Table 14 summarizes particle size data on the l,3-dibromo-5,5-dimethylhydantoin product 
formed in the continuous operation of Example 23. These data are averaged data based on two 
samples taken at different times during the continuous operation once steady state conditions, or 
essentially steady state conditions, had been achieved. 



TABLE 14 



Particle Size Category 


Partjcle Size of Product 


Average 


188.9u 


10% is greater than 


295.2u 


25% is greater than 


255.6^ 


50% is greater than 


203.1n 


75% is greater than 


122.5u 


90% is greater than 


55.9u 


Range 


0.872 -356.5U, 



As used herein, values given for crush strength are as measured using the apparatus and 
procedure as described in Example 6 above. When the compacted article is in a form other than a 
cylindrical tablet (e.g., a granule, caplet, briquette, or puck), the article being tested is to be 
positioned on the load cell and under the screw-driven piston with the longest axis of the article in 
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the vertical position. In addition, the micrometer is used to measure the thickest portion of the article 
when the article is positioned on the load cell and under the screw-driven piston with the longest axis 
of the article in the vertical position. 

Compounds referred to by chemical name or formula anywhere in this document, whether 
referred to in the singular or plural, are identified as they exist prior to coming into contact with 
another substance referred to by chemical name or chemical type (e.g., another component, or a 
solvent). It matters not what preliminary chemical changes, if any, take place in the resulting mixture 
or solution, as such changes are the natural result of bringing the specified substances together under 
the conditions specified in this disclosure. Also, even though the claims may refer to substances in 
the present tense (e.g., "comprises," "is"), the reference is to the substance as it exists at the time just 
before it is first contacted, blended or mixed with one or more other substances in accordance with 
the present disclosure. 

Except as may be expressly otherwise indicated, the article "a" or "an" if and as used herein 
is not intended to limit, and should not be construed as limiting, a claim to a single element to which 
the article refers. Rather, the article "a" or "an" if and as used herein is intended to cover one or more 
such elements, unless the text expressly indicates otherwise. 

This invention is susceptible to considerable variation in its practice. Therefore the foregoing 
description is not intended to limit, and should not be construed as limiting, the invention to the 
particular exemplifications presented hereinabove. Rather, what is intended to be covered is as set 
forth in the ensuing claims and the equivalents thereof permitted as a matter of law. 
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THAT WHICH IS CLAIMED IS: 

1 . A shape-retentive compacted composition, which comprises a pressure compacted 
blend of a powdery or finely-divided active ingredient and a binder quantity of a micronized 
synthetic polyolefm-based hydrocarbon wax and/or a micronized synthetic polyfluorocarbon wax, 
said wax being compatible with said active ingredient. 

2. A composition of Claim 1 wherein said wax is a polyethylene wax. 

3. A composition of Claim 1 wherein said wax is a polypropylene wax. 

4. A composition of Claim 1 wherein said wax is a blend of polyolefin and polyfluoro- 
carbon. 

5. A composition of Claim 1 wherein said wax has, prior to compaction, an average 
particle size of no greater than about 15 microns. 

6. A composition of Claim 1 wherein said wax has, prior to compaction, a maximum 
particle size of no greater than about 40 microns. 

7. A composition of Claim 1 wherein said wax has, prior to compaction, a bulk density 
in the range of 0.9 to 1 .4 grams per cc at 25°C. 

8. A composition of Claim 1 wherein, prior to compaction, said wax at least partially 
melts at a temperature in the range of 100°C to 150°C. 

9. A composition of any of Claims 1-4 wherein said wax has, prior to compaction, an 
average particle size of no greater than about 15 microns, a maximum particle size of no greater than 
about 40 microns, and a bulk density in the range of 0.9 to 1.4 grams per cc at 25°C. 

10. A composition of Claim 1 wherein said wax is a polyethylene wax that, prior to 
compaction, melts at a temperature in the range of 109°C to 1 1 1°C. 

11. A composition of Claim 1 wherein said wax is a polyethylene wax that has, prior to 
compaction, an average particle size in the range of 6.0 to 8.0 microns. 

12. A composition of Claim 1 wherein said wax is a polyethylene wax that has, prior to 
compaction, a maximum particle size of about 22 microns. 

13. A composition of Claim 1 wherein said wax is a polyethylene wax that, prior to 
compaction, melts at a temperature in the range of 109°C to 1 1 1°C, has an average particle size in 
the range of 6.0 to 8.0 microns, and has a maximum particle size of about 22 microns. 
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14. A composition of Claim 1 wherein said wax is a polypropylene wax that, prior to 
compaction, melts at a temperature in the range of 140°C to 143°C. 

15. A composition of Claim 1 wherein said wax is a polypropylene wax that, prior to 
compaction, has an average particle size in the range of 5.0 to 7.0 microns. 

16. A composition of Claim 1 wherein said wax is a polypropylene wax that, prior to 
compaction, has a maximum particle size of about 22 microns. 

17. A composition of Claim 1 wherein said wax is a polypropylene wax that, prior to 
compaction, melts at a temperature in the range of 140°C to 143°C, has an average particle size in 
the range of 5.0 to 7.0 microns, and has a maximum particle size of about 22 microns. 

18. A composition of Claim 1 wherein said wax is a blend of poly olefin and polyfluoro- 
carbon, and said wax, prior to compaction, at least partially melts at a temperature in the range of 
104°Ctol26°C. 

19. A composition of Claim 1 8 wherein said wax, prior to compaction, partially melts at 
a temperature in the range of 104°C to 1 10°C. 

20. A composition of Claim 18 wherein said wax has, prior to compaction, an average 
particle size in the range of 5 to 7 microns. 

21 . A composition of Claim 18 wherein said wax has, prior to compaction, a maximum 
particle size of about 22 microns. 

22. A composition of Claim 1 8 wherein said wax, prior to compaction, partially melts at 
a temperature in the range of 104°C to 1 10°C, has an average particle size in the range of 5 to 7 
microns, and has a maximum particle size of about 22 microns. 

23 . A composition of Claim 1 8 wherein said wax, prior to compaction, partially melts at 
a temperature in the range of 124°C to 126°C. 

24. A composition of Claim 1 8 wherein said wax has, prior to compaction, an average 
particle size in the range of 9 to 1 1 microns. 

25. A composition of Claim 18 wherein said wax has, prior to compaction, a maximum 
particle size of about 31 microns. 

26. A composition of Claim 1 8 wherein said wax, prior to compaction, partially melts at 
a temperature in the range of 124°C to 126°C, has an average particle size in the range of 9 to 11 
microns, and has a maximum particle size of about 3 1 microns. 
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27. A composition of Claim 1 wherein said wax is a modified polyfluorocarbon wax that, 
prior to compaction, partially melts at a temperature in the range of 108°C to 1 15°C. 

28 A composition of Claim 27 wherein said wax has, prior to compaction, an average 
particle size in the range of 5 to 6 microns. 

29. A composition of Claim 27 wherein said wax has, prior to compaction, a maximum 
particle size of about 22 microns. 

30. A composition of Claim 1 wherein said wax is a modified polyfluorocarbon wax that, 
prior to compaction, partially melts at a temperature in the range of 108°C to 1 15°C, has an average 
particle size in the range of 5 to 6 microns, and has a maximum particle size of about 22 microns. 

31. A composition of any of Claims 1-8 wherein said binder quantity is in the range of 
0.5 to 10 wt%, based on the total weight of said active ingredient and said wax. 

32. A composition of any of Claims 1-8 wherein said binder quantity is in the range of 
1 to 5 wt%, based on the total weight of said active ingredient and said wax. 

33. A composition of Claim 1 wherein said active ingredient is a pharmaceutical. 

34. A composition of Claim 33 wherein said composition further comprises at least one 
pharmaceutically acceptable excipient or carrier. 

35. A composition of Claim 1 wherein said active ingredient is a dietary supplement. 

36. A composition of any of Claims 33-35 wherein said composition is provided with an 
enteric coating. 

37. A composition of Claim 1 wherein said active ingredient is an agricultural chemical. 

38. A composition of Claim 37 wherein said composition further comprises at least one 
agriculturally-acceptable adjuvant or carrier. 

39. A composition of Claim 1 wherein said active ingredient is a water-treating agent. 

40. A composition of Claim 1 wherein said active ingredient is a biocidal agent. 

41. A composition of Claim 40 wherein said biocidal agent is a mono-N-halo-5,5- 
dialkylhydantoin in which the halogen atom is a chlorine or bromine atom. 

42. A composition of Claim 40 wherein said biocidal agent is an N,N'-dihalo-5,5- 
dialkylhydantoin in which each halogen atom is, independently, a chlorine or bromine atom. 

43. A composition of Claim 42 wherein each alkyl group of said N,N'-dihalo-5,5- 
dialkylhydantoin contains, independently, in the range of 1 to 6 carbon atoms. 
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44. A composition of Claim 43 wherein said N,N'-dihalo-5,5-dialkylhydantoin is a 1,3- 
dicHoro-5,5-dialkylhydantoin. 

45. A composition of Claim 43 wherein said N,N'-dihalo-5,5-dialkylhydantoin is an 
N,N ' -bromochloro-5 , 5 -dialkylhydantoin. 

46. A composition of Claim 43 wherein said N,N'-dihalo-5,5-dialkylhydantoin is a 1,3- 
dibromo-5,5-dialkylhydantoin. 

47. A composition of Claim 43 wherein said N,N'-dihalo-5,5-dialkyIhydantoin is 1,3- 
dichloro-5,5-dimethylhydantoin. 

48. A composition of Claim 43 wherein said N,N'-dichloro-5,5-dialkylhydantoin is a 
mixture of l,3-dichloro-5 5 5-dimethylhydantoin and l,3-dichloro-5-ethyl-5-methyl-hydantoin. 

49. A composition of Claim 43 wherein said N,N'-dihalo-5,5-dialkylhydantoin is an 
N,N'-bromochloro-5,5-dimethylhydantoin. 

50. A composition of Claim 43 wherein said N,N'-dihalo-5,5-diall<ylhydantoin is a 
mixture of N,N'-bromochloro-5,5-dimethylhydantoin and l,3-dichloro-5-ethyl-5-methylhydantoin. 

51. A composition of Claim 43 wherein said N,N'-dihalo-5,5-dialkylhydantoin is 1,3- 
dibromo-5,5-dimethylhydantoin. 

52. A composition of Claim 43 wherein said N,N'-dihaIo-5,5-dialkylhydantoin is a 1,3- 
dichloro-5,5-dialkylhydantoin, anN,N'-bromochloro-5,5-dialkylhydantoin, and/or a 1,3-dibromo- 
5,5-dialkylhydantoin, and wherein said wax is a polyethylene wax, a polypropylene wax, or wax 
blend of polyolefin and polyfluorocarbon. 

53. A composition of Claim 52 wherein said wax has, prior to compaction, an average 
particle size of no greater than about 15 microns. 

54. A composition of Claim 52 wherein said wax has, prior to compaction, a maximum 
particle size of no greater than about 40 microns. 

55. A composition of Claim 52 wherein said wax has, prior to compaction, a bulk density 
in the range of 0.9 to 1 .4 grams per cc at 25°C. 

56. A composition of Claim 52 wherein said wax, prior to compaction, at least partially 

melts at a temperature in the range of 100°C to 150°C. 

v 

57. A composition of Claim 52 wherein said wax has, prior to compaction, an average 
particle size of no greater than about 15 microns, a maximum particle size of no greater than about 
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40 microns, and a bulk density in the range of 0.9 to 1 .4 grams per cc at 25°C; and wherein said wax, 
prior to compaction, at least partially melts at a temperature in the range of 100°C to about 150°C. 

58. A composition of Claim 43 wherein said N,N'-dihalo-5,5-dialkylhydantoin is: 

a) l,3-dichloro-5,5-dimethylhydantoin; 

b) a mixture of l,3-dichloro-5,5-dimethylhydantoin and l,3-dichloro-5-ethyl-5-methyl- 
hydantoin; 

c) an N,N'-bromochloro-5,5-dimethylhydantoin; 

d) a mixture of N,N'-bromochloro-5,5-dimethylhydantoin and l,3-dichloro-5-ethyl-5- 
methylhydantoin; or 

e) l,3-dibromo-5,5-dimethylhydantoin; and 

wherein said wax is a polyethylene wax, a polypropylene wax, or a wax blend of polyolefm and 
polyfluorocarbon. 

59. A composition of Claim 58 wherein said wax, prior to compaction, has an average 
particle size of no greater than about 15 microns. 

60. A composition of Claim 58 wherein said wax, prior to compaction, has a maximum 
particle size of no greater than about 40 microns. 

61. A composition of Claim 5 8 wherein said wax, prior to compaction, has a bulk density 
in the range of 0.9 to 1 .4 grams per cc at 25°C. 

62. A composition of Claim 58 wherein said wax, prior to compaction, at least partially 
melts at a temperature in the range of 100°C to 150°C. 

63. A composition of Claim 58 wherein said wax, prior to compaction, has an average 
particle size of no greater than about 15 microns, a maximum particle size of no greater than about 
40 microns, and a bulk density in the range of 0.9 to 1 .4 grams per cc at 25°C; and wherein said wax, 
prior to compaction, at least partially melts at a temperature in the range of 100°C to 150°. 

64. A composition of Claim 1 wherein said active ingredient has an average particle size 
of less than about 300 microns, and is l,3-dichloro-5,5-dimethylhydantoin, l,3-dichloro-5-ethyl~5- 
methylhydantoin, an N,N'-bromochloro-5,5-dimethylhydantoin, or l,3-dibromo-5,5-dimethyl- 
hydantoin, or a mixture of any two or more of said hydantoins. 

65 . A composition of Claim 64 wherein said wax is a polyethylene wax, a polypropylene 
wax, or a wax blend of poly olefin and polyfluorocarbon. 
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66. A composition of Claim 1 wherein said active ingredient, prior to compaction, has 
an average particle size of less than about 200 microns, and is l,3-dichloro-5,5-dimethylhydantoin, 
l,3-dichloro-5-ethyl-5-methylhydantoin, an N,N'-bromochloro-5,5-dimethylhydantoin, or 1,3- 
dibromo-5,5-dimethylhydantoin, or a mixture of any two or more of said hydantoins. 

67. A composition of Claim 66 wherein said wax is a polyethylene wax, a polypropylene 
wax, or a wax blend of polyolefin and polyfluorocarbon. 

68. A composition of Claim 1 wherein said active ingredient has an average particle size 
of at least about 300 microns prior to compaction, and is l,3-dihalo-5,5-dimethylhydantoin in which 
each halogen atom is, independently, a chlorine atom or a bromine atom, and wherein said wax, prior 
to compaction, has an average particle size of no greater than about 15 microns, a maximum particle 
size of no greater than about 40 microns, and a bulk density in the range of 0.9 to 1 .4 grams per cc 
at 25°C. 

69. A composition of Claim 68 wherein said wax is a polyethylene wax, a polypropylene 
wax, or a wax blend of polyolefin and polyfluorocarbon. 

70. A method of producing a shape-retentive compacted composition, which method 
comprises pressure compacting a blend of a powdery or finely-divided active ingredient and a binder 
quantity of a micronized synthetic polyolefin-based hydrocarbon wax and/or a micronized synthetic 
polyfluorocarbon wax, said wax being compatible with said active ingredient. 

71. A method of Claim 70 wherein said wax has, prior to compaction, an average particle 
size of no greater than about 15 microns. 

72. A method of Claim 70 wherein said wax has, prior to compaction, a maximum 
particle size of no greater than about 40 microns. 

73 . A method of Claim 70 wherein said wax has, prior to compaction, a bulk density in 
the range of 0.9 to 1 .4 grams per cc at 25°C. 

74. A method of Claim 70 wherein said wax, prior to compaction, at least partially melts 
at a temperature in the range of 100°C to 150°C. 

75 . A method of Claim 70 wherein said wax, prior to compaction, has an average particle 
size of no greater than about 15 microns, a maximum particle size of no greater than about 40 
microns, and a bulk density in the range of 0.9 to 1 .4 grams per cc at 25 °C. 
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76. A method of any of Claims 70-75 wherein said blend is formed by tumble blending 
said powdery or finely-divided active ingredient and said micronized wax to produce a substantially 
uniform blend. 

77. A method of any of Claims 70-75 wherein said blend is formed by ribbon blending 
said powdery or finely-divided active ingredient and said micronized wax to produce a substantially 
uniform blend. 

78. A method of Claim 70 wherein said pressure compacting is conducted at a pressure 
in the range of 6,895 to 205,500 kPa (1000 to 30,000 psi). 

79. A dry blend for use in the production of pressure compacted, shape-retentive articles, 
said blend comprising a powdery or finely-divided active ingredient and a micronized synthetic 
polyolefm-based hydrocarbon wax and/or a micronized synthetic polyfluorocarbon wax that is 
compatible with said active ingredient. 

80. A blend of Claim 79 wherein the amount of said wax is effective to form a shape- 
retentive article when said blend is subjected to pressure compaction. 

81. A blend of Claim 80 wherein said active ingredient is a pharmaceutical, a dietary 
supplement, an agricultural chemical, a water-treating agent or a biocidal agent. 

82. A blend of Claim 8 1 wherein said blend further comprises at least one excipient or 

carrier. 

83. A blend of any of Claims 79-82 wherein the active ingredient is l,3-dihalo-5,5- 
dialkylhydantoin. 

84. A shape-retentive compacted composition, which comprises a pressure compacted 
blend comprising a powdery or finely-divided profen pharmaceutical and a binder quantity of a 
micronized synthetic polyolefin-based hydrocarbon wax and/or a micronized synthetic polyfluoro- 
carbon wax, said wax being compatible with said profen pharmaceutical. 

85. A composition of Claim 84 wherein said wax is a polyethylene wax, a polypropylene 
wax, or a wax blend of polyolefin and polyfluorocarbon. 

86. A composition of Claim 84 or 85 wherein said profen pharmaceutical is naproxen. 

87. A composition of Claim 79 wherein said active ingredient is l,3-dibromo-5,5- 
dimethylhydantoin, wherein the wax is a micronized polyethylene wax, and wherein the amount of 
the micronized polyethylene wax is in the range of 1 to 5 wt% based on the total weight of the 1,3- 
dibromo-5,5-dimethylhydantoin and the polyethylene wax. 
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88. A composition of Claim 87 wherein said wax is a polyethylene wax that, prior to 
compaction, melts at a temperature in the range of 109°C to 1 1 1°C. 

89. A composition of Claim 87 wherein said wax is a polyethylene wax that has, prior 
to compaction, an average particle size in the range of 6.0 to 8.0 microns. 

90. A composition of Claim 87 wherein said wax is a polyethylene wax that has, prior 
to compaction, a maximum particle size of about 22 microns. 

91. A composition of Claim 87 wherein said wax is a polyethylene wax that, prior to 

, compaction, melts at a temperature in the range of 109°C to 1 1 1°C, has an average particle size in 
the range of 6.0 to 8.0 microns, and has a maximum particle size of about 22 microns. 

92. A compacted form or shape formed by pressure compacting a composition of any of 
Claims 87-91. 

93 . A tablet formed by pressure compacting a dry mixture consisting essentially of (i) 1 ,3- 
dibromo-5,5-dimethylhydantoin particulate solids having an average particle size in the range of 125 
to 300 microns, and (ii) a micronized polyethylene wax in an amount in the range of 1 to 5 wt% 
based on the total weight of the l,3-dibromo-5,5-dimethylhydantoin and the polyethylene wax. 

94. A composition of Claim 93 wherein said polyethylene wax, prior to compaction, 
melts at a temperature in the range of 109°C to 1 1 1°C, has an average particle size in the range of 
6.0 to 8.0 microns, and has a maximum particle size of about 22 microns. 

95 . A composition of any of Claims 1 -8 wherein said compacted composition has a crush 
strength in the range of 27.25 to 91 kg per 2.54 cm (60 to 200 pounds per inch) of thickness. 
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